Studying on archaeological material the history of the Kazan Kremlin which was included in the list of UNESCO in 2000 is an actual problem because of the limited written sources remained. The aim of the work is to study the features of trade and craft traditions of the late Middle Ages Kazan on the example of ceramic artifacts. The authors applied a complex of analytic methods which included morphology and element composition of glaze: samples of glazed ceramics with green, brown and blue glaze. The chemical composition of glaze of three ceramics samples was determined in the article by two methods. They are the emission spectroscopy and the method of electron microscopy. The good comparability of analytical data of two independent methods is shown in the article. Both advantages and disadvantages of each type of the analysis are given. The data on a chemical composition in the article show that two samples of the glaze is lead, the third sample is lead-tin with an addition of ash (that is sodium and potassium). Results of the article revealed an optimal range of analytical procedures for the studying of glazed ceramics and may be useful as methodical material for archeometric researches.
Introduction
Expressive archeological findings of medieval archaeological monuments are samples of the glazed vessels possessing considerable potential. Studying this type of artifacts gives information about time and place of production of the revealed vessels that allows determining the areas of commercial relations and also in some cases to establish the level and features of production technologies development.
Kazan Kremlin are presented in the work by Khramchenkova and Sitdikov (2014) . Three samples whose selection was defined by a glaze color originality of the main archaeological ceramics types were chosen in this work for identification of an optimal analytical method of studying the glaze features. Comparison of research results of artifacts by the method of electron microscopy with the microprobe X-ray-fluorescent analyzer and method of the emission spectroscopy was carried out for this purpose.
Materials and Methods

Morphological Analysis
According to the typology, samples of the studied glazed ceramics can be divided into two groups. The first group includes red ware with blue glaze; the second group includes white and red ware with green and brown glaze.
The first group of glazed ceramics ( fig. 1 ) includes 14 fragments with monochrome blue glaze of undecorated red ware with white underglaze engobe. In some cases an internal surface at the level of a chaplet with sags of water is engobed. Fragments belong to jugs of a pear-shaped form, by small size, with the flat bottom which is cut off by a knife. There are fragments of round-shaped handles in the section. The ware is made of red clay without visible impurity. During the burning process the dough is overheated and has a brownish-gray hue. There are drag marks in internal part; the internal surface has prominent horizontal deepenings. The reconstructed height of jugs does not exceed 20-25 cm. Analogies of such ceramics are not known. 9 findings stratigraphically are attached to layers of the XV-XVI centuries, 5 fragments are from beddings of the XIV century. The sample № 2 (348) ( fig. 2 , 2) was taken to an analytical series. 1 -KK96-VII/274; 2 -KK98-X/348; 3 -KK01-XLIII-A/393; 4 -KK01-XLIII-A/578; 5 -KK00-XXXIV/1983; 6 -KK01-XLVIII/478; 7 -KK00-XXXIV/2838.
The second group makes the most part of glazed ceramics. It is the decorated monochrome semi-majolica with green and brown glaze with a cut-in ornament on a white or red ware with engobe in number of 93 fragments. We distinguish two types based on the test features of ceramics: Type 1. White ware with green and brown glaze ( fig. 2 ).
It is represented in the studied collection by 70 samples and is divided into two variations.
White ware with green glaze.
This type includes the most part of samples (63 fragments) from jugs, kumgan and lids from beige-white clay with inclusions of reddish chamotte, perhaps, fragments of pounded red ware or without visible inclusions in general. Jugs and kumgans have the chaplet shape as the roller passing into a neck by the form of a bell. Body has a pear-shaped form and a heel shaped bottom. The surface of the ware and the bottom part is plentifully covered with translucent glaze. There is the saturated cut-in ornament on the outer surface. The engraved pattern is made before putting engobe and presented in the form of parallel lines, prints of a small seed-shaped stamp on the vessels body and on lids surface, the short parallel and crossed lines, circles, small tear-shaped prints of a stamp with a point in the lower part, stamped drawing in a square in the form of a bird. There is a belt in the middle of a body on a number of samples ornamented with a small stamp or in the form of the small roller. The sample No. 1 (267) corresponds to this ceramics in analytical researches (Sitdikov, 2006, fig. 148 №2) which belongs to lead type.
Stratigraphically the prevailing part of samples comes from the horizons of the XV-XVI centuries (28 fragments), one sample is from a layer of the XIV century, and 19 fragments are not attached or found in the top layers.
White ware with brown glaze
There are 7 samples of the jugs coming from the layers formed in the second half of the XV -the first half of the XVI century. This type of ceramics is presented in the chemical analysis by a sample № 3 (1386). The total number of samples is 23 fragments.
Тype 1. White ware with green and brown glaze ( fig.3 ).
It is represented in the studied collection by 70 samples and is divided into two types according to the glaze colour.
Red ware with green glaze.
It is presented by 16 samples of jugs and kumgans with fat clay. Forms of vessels, engraving and other elements of decorating are similar to the white ware. Stratigraphically it comes from the horizons of the second half of the XV -the first half of the XVI century; seven fragments come from later layers or have no stratigrafic reference. The similar ceramics is also recorded in the Russian-Urmastky settlement and the Kamayevsky ancient settlement. Existence of red ware or ceramics with a pinkish shade is also noted at these monuments. N. A. Kokorina and R.G.Fakhrutdinov connect its occurance with penetration into Zakamye of the Oguzo-kypchakski groups of the Lower Volga population. They refer it to the early Kazan ceramics and note its occurance in the second half of the XV century that does not contradict to the materials of the Kazan Kremlin.
Red ware with brown glaze
The total number of fragments of this category is 7. Characteristics of form and technologies of production do not differ from the above described groups of semi-majolica except for a sample with underglaze painting. 3 samples come from beddings of the second half of the XV -the first half of the XVI century stratigraphically. One fragment is revealed from beddings of the XIV century and another one comes from the derived beddings.
In general all of these groups of white and red ware from the Kamayevsky ancient settlement and Russian-Urmatsky settlement are considered as one type of ceramics which also has analogues in production of www.ccsenet.org/jsd Journal of Sustainable Development Vol. 8, No. 7; 2015 unglazed ware. These monuments are connected with potter's horns and necessary devices for the production of pottery. The chart of a ratio of various types of ceramics is given in fig. 4 . Figure 4 . The chart of a ratio of various types of ceramics 1 -red ware with blue glaze; 2 -white ware with green glaze; 3 -white ware with brown glaze, red ware with green glaze, red ware with brown glaze
Research of a Chemical Composition
It was decided to choose the optimal analytical method for the determination of a chemical composition in the case of three samples for a more detailed studying of various groups of ceramics. For this purpose it was taken by one fragment from each group of glazed ceramics from excavations of the Kazan Kremlin and the element composition of glaze was determined. Quantitative results of these researches are given in tables 1-3. Various analytical methods were used during researches. Method of electron microscopy with the microprobe X-ray fluorescence analyzer and method of the emission spectroscopy were taken as two main methods for determination of element structure. Restriction of the study group by three samples is due to a high cost of one of the analysis methods. However, this quantity of samples was quite enough for comparison and the overall picture received by various methods.
X-ray phase analysis of a surface of the analyzed samples was carried out at the Central research institute of nonmetallic minerals (Kazan) in order to verify the presence of unfused components in glaze used in its production. The results of researches showed that all samples of glaze consist of almost fully amorphized substance, i.e. all the components of initial glaze passed into a glassy phase.
The studied samples were sent to the electron microscopy laboratory of Physics and Technology Institute of Kazan affiliation of Russian Academy of Sciences for initial determination of element structure. It is known that trace amount of the studied sample is enough for research using this method. The analysis of a surface of glazed ceramics was carried out by the method of scanning electron microscopy (SEM with the microprobe X-ray spectral analysis). Researches were conducted on an electronic microscope EVO-50XVP, combined with a spectrometer of power dispersion INCA-350. Measurements were taken at the low-vacuum mode, the accelerating voltage was 20 keV, with pressure in the microscope camera of 30 pascal. The studied samples were different-sized. The maximum section of determination was 0,3 х 0,1mm 2 ( fig. 5 ). Figure 6 shows areas and their results are given in table 1 in the second column. The areas of scanning are marked with rectangles. As shown in the table, the most reliable data on the standard sample were received from the analysis of the maximum surface. Table 1 shows data from the maximum sections of determination. Results of the analysis of a standard sample of glass are given in the 4th column of the table, the standardized content of elements is italicized. According to the results, it is impossible to call a method of the scanning electron microscopy rather sensitive and reliable. So, antimony, tin and lead were not determined at all, and copper was found only in general, i.e. in the maximum section. It is possible that analysis accuracy is influenced in this case by the value of the incoming signal. In this regard, the elements presented in a standard sample by small content such as Co, Ag, B, Ba, Bi, Ni, Zn were not determined. Results of the quantitative spectral analysis which is carried out in the scientific and restoration methods department of the archeology museum of the History Institute n.a. Sh. Mardzhani by Academy of Sciences of the Republic of Tatarstan are given in tables by italics. Figure 5 . Photographies of the analysis of the maximum surface; а -sample 267, б -образец 334, в -sample 1386, г -standard; 10 000-fold increase The results of analyses from the 0, 01 х 0,01mm 2 area are given in the third column of table 1 for comparison. According to the results of analyses, significant difference of contents in determinations is observed, and some elements did not revealed at all (f.e. Mn is in a sample 267, K is in a sample 1386, Cu is in the standard). Figure 6 . The areas of scanning are marked with rectangles; а -sample 267, б -sample 334, в -sample 1386, г -standard; 10 000-fold increase
Results
Analytical Data
From the table 1 it can be seen that the method of electron microscopy did not allow to determine in studied by us glaze important elements making so-called "basis" as Ti, Mn, Cu, Pb, Sn. Therefore, it was decided to analyze the studied glaze by the most informative method of the quantitative emission spectroscopy. Spectrographs for the analysis were received by evaporation of samples in an alternating-current arc (7-15A) on the diffraction spectrograph DFS-458. This spectrograph allows us to receive rather big set of the analyzed elements, i.e. more than 30. Interpretation of spectrographs was carried out on the microphotometer MF-2 with the subsequent processing on the standard computer program. Results of the analysis are given in tables 2 and 3. Let us consider the obtained data on a chemical composition of the studied samples glaze. Samples № 267 and № 1386 have the Si-Pb glaze and they are very similar by content of macro -and micro-elements. It may be concluded that ceramics is made by the technology of the same ceramic school. However, if we pay attention to the content of such micro-elements as Bi and Co, we will find a great difference in concentration. It is known that cobalt is added to glass (glaze) as a dye, but, in our case, its content is far fewer than it is necessary for receiving the effect of coloring. The content of tin and iron is also very different. If the presence of various concentration of iron can be explained by the technology of coloring, tin, in this case, acts only as impurity probably to lead. Thus, we can conclude that pottery of type 1 and type 2 of white ware is made in different workshops though the technology of their production was identical. The sample № 343 has Si: (Pb+Sn): Na glaze and the total content of lead and tin is about 16%. It is obvious that in this case we are dealing with a product of other ceramic school. The high concentration of copper equal to 1,16% defines blue coloring of a sample.
Comparative Analysis of Analytical Methods
It was necessary to separate 50 mg of the glaze from the ceramics for the emission spectral analysis. This factor is the most negative because it leads to violation of integrity of a sample. However, taking into account the low cost of the analysis, also from the standpoint of reliability, sensitivity and multiunit definitions, this method is rather attractive for the study of archaeological artifacts in that case when inconsiderable selection of a sample is allowed. The selection of samples is also made for the method of electron microscopy; however, in this case the microquantity which does not damage an artifact in general is enough.
The analysis of a glaze surface by the method of scanning electron microscopy revealed one more substantial defect of researches by this method. In spite of the fact that samples were carefully cleared, scanning surface only introduces an error into the determination of true content of elements. It is possible to pass over essential flaws which are always present at glazed ceramics, especially on archaeological samples, while choosing the analyzed area, so the distortions in values of components content brought by microflaws can not be considered.
As it was already stated above, the carried-out X-ray phase analysis showed that glaze is an amorphous formation, i.e. all components of glaze in the course of burning were fused. It means that carbon can not essentially be present at such quantities as at any well melted glass (the standard in table 1). It is obvious that metamorphic changes of glaze occured in these microflaws. Therefore, these microflaws with their unknown content explain the essential concentration of carbon, phosphorus and chlorine, also discrepancy of research results by two methods on some components is given in table 1. The concentration of elements is not counted for oxides intentionally as it is not known what entities were formed as a result of metamorphic changes of a glaze surface. As can be seen, basic elements of «washing out» are silicon and, perhaps, lead (tab.2, the 3rd sample № 267).
However, according to the table 1, the contents of many defined elements which make up glaze, received by both methods, are accurately correlated. A positive factor of electron microscopy is the possibility of determination of sulfur, fluorine and chlorine, as by method of emission spectroscopy determination of these elements is essentially possible, but is very difficult and time-consuming. However, it is necessary to consider that fact when melting glass and glaze these elements are almost completely evaporated and, thus, determining these components is not overriding necessity. At the same time in results of electron microscopy there is no wide range of elements which contents are significant. Especially it concerns such components as tin, lead, copper, etc, which are important for technology of glassmaking. Perhaps, lack of these elements is in this case a consequence of their complete "washing out" from a surface in the course of a metamorfization, but the most probable explanation, apparently, is low sensitivity of a method.
As already stated above, sensitivity of X-ray fluorescence method, apparently, sufficiently depends on the size of the studied surface. Taking into account that this size is rather small, there is one more negative factor of research. It is well-known that even thorough mixing of glaze components does not provide equal distribution of these components on a surface. Thus, the so-called error of "mixing" in case of the analysis by any method which strongly limits the surface size can significantly distort the actual content of certain elements. The arising question of significance of the sizes of the studied area remains unclear because all types of microprobe analysis methods of a chemical composition with the use of electronic microscope are very expensive. It is impossible to carry out statistical processing for detection of errors at the moment. By comparison, the sample which surface size is equal to 10-50 mm 2 is taken for research by method of emission spectroscopy and if to consider the depth of penetration of an X-ray beam, significance of a sample weight in this case is 1000 times more.
It should be noted that there is also one more significant negative aspect of all modern analytical methods which results are interpreted and recounted by means of mathematical computer programs. The fact is that these programs provide automatic recalculation of the received concentrations for 100% (tab. 1). In case when some elements were not defined by the device, the lack of concentration of these elements is recalculated to another one. So it increases artificially the content of the elements determined by the device. By the so-called traditional "wet chemistry" analysis each element is determined separately, and in case when total concentration does not exceed 100%, additional researches are carried out. "Loss" of the determined elements is essentially impossible by carrying out the analysis by emission spectroscopy method because the received spectrographs give information almost by all elements. The exceptions are S, F and Cl, however, as it was noted above, these components are evaporated when making glass and glaze.
www.ccsenet.org/jsd Journal of Sustainable Development Vol. 8, No. 7; 2015 However, a very important advantage of studying archaeological artifacts by the method of electron microscopy is the minimum quantity of a sample which can be researched. It is the significative and indisputable advantage when we are dealing with the most valuable and rare finds; therefore, absolute exclusion of this method from the list for the study of archaeological objects seems to us unreasonable.
Discussions
Completing the overview of the studied classes of glazed ceramics from the excavation of the Kazan Kremlin, we will consider problems of their chronology and origin.
Mapping of finds through the Kazan Kremlin territory allows us to reveal places of concentration of similar glazed ceramics. 52 samples from total number come from excavations at the Khansky yard. Their concentration in this area means that exactly representatives of Khansky administrations were the main consumers of this production.
48 fragments from total number are connected with the period of the Kazan Khanate. There are 5 fragments from the late period of the Golden Horde. The rest of finds has no stratigraphic referencing or is derived. The ratio of products from the processed beddings most likely assumes their penetration from layers of Khanate period.
Conclusions can be made on the basis of comparison of the received results by a chemical composition of ceramics glazes from the Kazan Kremlin excavations with quantitative results of other researchers. The sample №343 has a lead-tin component as a basis. The content of basic elements which were determined by an X-ray spectral local method is brought in work by V.Yu. Koval' (2006) . Based on the table data, our sample is similar to samples № 8, №10 and №85 by the glaze composition. These are samples of ceramics from composite white frit material of Iran of the XIII-XIV centuries (finds from Nizhny Novgorod and Vladimir) and pseudoceladon of the Golden Horde of the XIV century (the Selitrenny ancient settlement). It should be noted that Iranian glaze is distinguished by lead-tin mix, and there is no correlated regularity between the contents of these two elements. This can be explained by their use of raw materials comprising both lead and tin as a technological component at production of glaze on the Iranian technology. The sample of the Kremlin ceramics differs from the above-stated only by the high concentration of copper which acts as blue colorant.
Referring to results of the chemical analysis on determination of glaze composition, samples №267 and №1386 have absolutely identical contents with samples which were analyzed in the work by V. V. Bulgakov (2006) . This work is devoted to studying the North Black Sea glazed ceramics of the XIII-XV centuries which was made in such large ceramic centers as Chersonese, Sudak, Solkhat and Kafa. According to the results of these analyses, Crimean glazed ceramics has the glaze similar to the Kazan samples, the Si: Pb type with the low content of other macrocomponents. Thus, it can be assumed that the part of ceramic ware from the Kazan Kremlin was made by the Crimean technology.
Samples which are similar to white ware with green glaze according to publications and reports were found at Kamayevsky, Arsky ancient settlements, Toretsky settlement. N.A. Kokorina (1991) calculated that at the Kamayevsky ancient settlement similar ceramics makes 10,5-11% of total number of ceramics (the general collection of ceramics is 7,5 thousand fragments). She refers it to local group of products, based on finds from a pottery workshop of the XIV-XVI centuries in the Russian-Urmatsky settlement. Pieces of engobed vessels, materials of excavation of pottery horns, remains of oven supplies on production of glazed ceramics were found by A. G. Mukhamadeev (1977) . According to the typology of the Kamayevsky ancient settlement, similar ware belongs to subgroup of I-2 type 15 and is defined as of early Kazan period. Frequence of forms of not glazed ware in glazed products with preservation of local traditions of production is noted in this subgroup. According to Kokorina, an origin of this ceramics can be connected with Central Asia and with penetration into the Kazan Khanate of potter's experience from Khoresm, Otrar and the southern centers of the Golden Horde (Kokorina, Fakhrutdtnov, 1999) . Based on materials of excavation from other regions, the similar ceramics is available in synchronous to the Kazan Kremlin layers of Moscow and Tver (Khokhlov, 2007) .
According to the materials of the Kamayevsky ancient settlement and Russian-Urmastky settlement, appearance of white ware with brown glaze is linked with the second half of the XV century. It is probably presented by a small group, which explains the lack of mentioning its quantitative ratio with other groups of ceramics. R. G.Fakhrutdinov, (1973) connects its appearance in the middle of the XV century with the southern regions of the Golden Horde. Thereafter its production is continued. The chronology of its existing at these monuments coincides with supervision at the territory of the Kazan Kremlin.
Conclusion
Based on the presented analysis, the assumption of N. A. Kokorina and R.G.Fakhrutdinov (1999) Vol. 8, No. 7; 2015 production of white and red ware with green and brown glaze is rather thorough and confirmed by materials of the Kazan Kremlin. Sources of this glazed ceramics probably should be looked for in Central Asia and southern regions of the Golden Horde. Addressing to analogies it is also necessary to note that the products similar to artifacts from excavations of the Kazan Kremlin are found in numbers on the monuments of the Golden Horde Volga-Kama regions (the Kamayevsky ancient settlement, Russian-Urmatsky and Toretsky settlements).
It is obvious that analytical researches of other types of glaze, the paste of all the glazed ceramics will allow us to study the production technology in more detail and find the ceramic school of these finds. For this purpose there is a need for research of much wider number of samples from monuments at which the similar ceramics was found. The category of red ware with the blue glaze demands additional researches and search of analogies. A large number of these groups of glazed material in layers of the Kazan Khanate is the evidence of the trade center transition to Kazan as a result of the Lower Volga cities crash. And, perhaps, the own production of glazed ceramics is established here. Authors hope that further researches will give the chance to define precisely all characteristics of similar ceramics and to draw final conclusions about its origin.
